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JANUARY 1, 1884 - JUNE-3O, 1982 
By J. F. Davies and H. B. Humphreys 
PURPOSE OF THIS REPORT 


Prevention of coal-mine explosions depends largely upon thorough know- 
Ledge of the causes that initiate explosions. A review of coal-mine explo- 
sions in one geographical area when sunplemented by nationwide data of 
simtlar nature, should serve as a guide for tne adoption of measures for 
explosion prevention. Explosions in bitwninous~coal mines of the United 
States during the 10 years ended December 31, 1982, ranked tnird in the 
causes of fatal accidents and constituted 16.1 percent of all fatal acci- 
dents in bitwninous mines. 


Kentucky now ranks fourth in coal output in the coal-producing States 
of this country; a study of the coal-mine explosions in this State will be 
of definite interest locally among coal-mining people, as well as to those 
in the coal-mining industry who are concerned in preventing coal-mine explo- 
sions. This circular reviews gas and dust explosions in Kentucky coal mines 
to show their hazards, to point out the influence of certain factors in 
Causing explosions, and to indicate the effectiveness of preventive measures. 


The annual reports of the Kentucky pepariment of Mines and data sabe 
lished by the United States Bureau of Mines were used in compiling the tables 
of explosions and fatalities. These were supplemented by information 
furnished by individuals and operators connected with the industry in the 
State in past ;ears. Through the cooperation of J. F. Daniel, chief of the. 
Kentucky Department of liines, several dovotful cases were clarified. So far 
as records are obtainable the Listory is comparatively complete, but it 
must be recognized that for various reasons some occurrences and fatalities 


The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote ac:mowledgment is used: "Reprinted from U. 5. 
Bureau of Mines Information Circular 6754." 
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2 Assistant mining engineer, U. S. Bureau of Mines, Norton, Va. 
3S <Assistant mining engineer, U. S. Bureau of Mines, Norton, Va. 
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were not reporved or the records thereon were lost. Figures used in compil- 
ing some of the tables were furnished by W. W. Adams, chicf statistician, 
Demographical Division, United States Bureau of Liings. 


GACWTH Il PRODUCTICH 


Frobably the first record regarding a coal deposit in the United States 
is that made in 1679.by; Father Hennerin, a French Jesuit missiouary, of a 
"cole mine™ seen on the Illinois River near Oitowe, Ill., in what wes then 
Kentucky. The first wnite settler to discover and use Kentucky coal was Dr. 
Thomas Walker. While on a survey journey on April 13, 1750, he found at a 
point within 2 miles: of Cumberland Gep in what is now Bell County "blocks 
of very good coal on the surface", Fis diary records many other coal occur- 
rences as he traversed the region. In 1790 the first iron furnace was 
erected near Cwingsville, using charcoal for smelting but coal for refining 
the metal. Considerable amounts were used locally in the older towns, such 
as Lexington and Hranctort, artes 1800. 


In 1850 ¥. D. McLean opened what became lmown es the MoLean drift bank" 
on the Grecn River; this is rezarded as the first commercial operation in 
the western coal field, In 1854 the Kentucky Geological Survey was estab~ 
lished to gather and disseminate information on the extensive and important 
mineral ceposits of the State. Coal production grew from 25,000 tons in 
1840 to 100,000 tons in 1845 and 150,900 in 1850. - Numerous wagon end barge 
mines were Dele worked along the Biz Sandy, Licking, Funtucky, Cumberland, 
Green, and Tradewater Rivers. In the western field, Henderson County, a 
number of small. sirface mines were in operation, and to the south in Muhlen~ 
berg County the Med River mine, opened in 1830, was actively procucing. 
During and inmediately after the Civil War production was greatly cepressed, 
less than 170,000 tous being mined in 187G. By 1820 the production had 
reached a million tons annually, and it increased to over 2-1/2 million tons 
in 1890, Added transportation facilities helped to increase the figure to 
85 million tons per vear by 1920, and the greatest annual »vroduction was 69 
million tons in 1927. In 1952, €5,610,000 tons production was reported. 


HISTORY OF =SXPLOSIONS 


In the early years while tre inines were preponderantly of the drift 
type and at no great distance from the surface the presence of explosive gas 
was noticed in only a few instances. The enrliest ignition of which mention 
wag found occurred in Garrard mine in Clay County in 1877; after the mine 
had been worked for some years jas appeared suddenly from a roof fissure, 
and in the resulting izgmition one man and possibly others were seriously 
burned, 4A similar ignition occurred in the same mine in 1881, and there was 
another in the Mercer mine in Muhlenberg County about 1880. In 1885 gas was 
known to have epneared in only 6 mines, but the chief of the State Department 
af Mines issued repeated warnings that tis PaEere would increase as the — 
workings were extended. 
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Table 1 lists 74 explosions in Kentucky coal mines of which record was 
available from 1884 to June CO, 195%, inclusive. Except for a few cases 
where full information was lacking the essential facts about. the explosions 
are given; tise explosions include all in which fatalities occurred or in 
which there was appreciavle violence. Table 2 lists 42 other ignitions in 
which no fatalities resulted and no viclence was notod but which caused 
burns or ottier injuries to 66 men; it is certain that many other such 
instances t~assed without being revorted, hence this list must be regarded 
merely as an exhibit of notential- disasters which were escaped by fortunate 
chance, as protective mersures were so Fer, me it is questionable’ if they 
aided in Limiting the explosions. €. 
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TABLE 3. - Explosion fatality rates and percentage 
of total for different periods 


| @ ta PRK 
Period, - Kentucky | Uaited States 
ears oe ot 

18841890 (7 years) 11.8 9.0 (est.) 
1891-1900 (10 years) 6.5 15.9 
1901-1910 (10 years) 2509 20.0 
1911-1920 (10 vy Cat 7) 10.9 12-4 
1921-1925 (5 ye 20s) | 957 14.8 
1926-1930 (5 years) ! 7.0 12.5 
1931 | Qe? 6.0 
19382 228 14.3 

| 11.0 14.0 


Total, 1884~1932 | 


PATALITIES® 


Available records, as listed in table.1, indicate that in the 49-1/2 
years from January 1, 1884, to June 30, 1953, 544 fatalities occurred in 
Kentucky coal mines as a result cf 73 explosions of gas and dust, an average 
of 4.7 fatalities for each explosion. In 12 explosions none was killed. 

The greatest number of deaths in a singlé. explosion was 62, and the next 
highest mumber was 34. Only 6 explosions claimed more than 10 victims. 
The records show 123 men injured more or. less seriously in these 73 explo- 
sions. It is notable that few escaped such disasters with injury and that 
in the last 15 explosions only 1 injured man survived. | 


Table 3 presents the gas and dust fatality mates: Sar million tons mined 
and per million man<hours of underground’ exposure. These rates parallel 
closely those of some older coal~producing States. The high tonnage rating 
up to 1910 is usual, reflecting the low tonnage per man-day of that period. 
The drop from this point may be attributed to two influences--greater tonnage 
per man and safer practices introduced to reduce ‘explosion hazards. The 
rating on the man~hour basis is the more significant from the viewpoint of 
safety to the men. The rates of 0.17 fatality per million man-hours from 
1911 to 1920 and 0.22 from 1921 to 1925 are due to a long series of large 
and small explosions coincident with an increase in production from 14 to 
60 million tons, with an increase in man-hours from about 55 to 80 millions. 


a ee a a a ee a a a a Se 


4 The number of explosions and men killed differ from yearly totals given 
by the Bureau of Mines and the State due to the inclusion of fatalities 
segregated by them under other headings and some in mines not under 
State control. 
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The average rates for the 5-year period from 1920 to 1930 were 0.21 per 
million tons end 0.14 per million man-hours. The corresponding rate per 
million man-hcurs for the United Stetos was 0.31. In 1931 only 3 fatalities 
occurred from this source in Kentucl;, giving fatality rates of 0.08 and 0.06 
per million tons and man-hours, resvectively. These rates jumped to 0.55 and 
0.57, respectively, in 1952, wnen.2¢ men were killed in 1 explosion, In 1982 
fatality rates for the Ea eay as a wiole were 0.47 per million tons and 0.25 
per million man-hours. . 

Gas-and—dust explosion fatalities + entusy averaged 10 percent of the 
total aumber killed in coal mines of the State over the entire period, 1884 
to June 30, 1965, inclusive... In comparison, ‘tiicse killed in explosions in 
coal mines of tne entire United States for this period were about 14 percent 
of the totel; it is possible that this ratio indicates approximately the 
relative hazard from this source for Kentucky-coal mines compared with coal 
mines of the United States as a whole. 


‘CAUSES OF SKPLOSIONS 


Three general causes” are eien for explosions in ventucly. The majority, 
42, were causcd. by somcalled "windy" or blown-out skots, 27 by open lights 
or flames, and 2 by electric arcs. In % others no cetails are available, 
but in all probavility blasting was the cause. 


TABLE 4. - Causes of Exmlosicns in Kentucky coal mines, 
Jenuery. 1, 1804, to to June SO, 1933. 


ee Gee ce - -ee ~ G—ee  r ee ee ae = 40 ee oe - roo oweeee were es ea eee (Eee, 


ees amend 


Causes _ Explosions 


ee i ae ee Ee SRT eee ae - e-o+ @- oe ee 


Blasting 

Open liguts or flames 
Electric arcs 

Not given 


CERES a Se aA PN PRL Se TEETER GE 


__ Total 


Blasting. - In the 491.2 year period 57 percent of the explosions listed 
in table 1 were caused by blasting. From 1334 to 1917, inclusive, there were 
28, or 70 percent of a total of 36 explosions from blown-out or "windy" 
shots; from 19138 to 1927, inclusive, tiuere were 11 explosions from this cause, 
or 38 percent cf the 29 explcsions wiich cccurred during this period. Three, 
or 40 percent of the 8 explosions occurring from January 1, 1928, to June 2, 
1933, were fro: blasting. 
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TABLE & - Summary of conditions attending explosions 


SO ER ES SE ee 


caused by blasting in Kentucky coal mines 


Solid shooting, blown-out or "windy" shot, coal-dust stemming, 
igniting accumulated explosives, smoxe and dust ......ecseee 7 


Solid shooting, blown-out or "windy" shot, coal-dust stemsing, 
igniting cust @®eeeneomeaeseeeseovseevedeesn A Se ee Ee ee eee OE ee eee ae ae cl 


Solid shooting, blown-out cr "windy" shot, coal-dust stemning, 
igniting &es end cust a ee 6 


Solid shooting, blown—out or "windy" shot, coal dust stemming, 
igniting kegs of black blasting powder and dust ....esseooee 6 


Dynamite on large rock, dust explosion ........ecee0e rere ee 1 


Except for tne case where dynamite was placed on a large rock to break 
it, all explosions by blasting were caused by shooting coal off tke solid or 
using black powder in kes or pellet form. In @1 cases dist was raised into 
a Cloud and ignited by black blasting-povder shots. In 7 other cases accumu- 
lated explosives smoxe and dust were blamed; in 6 more cases concentrations 
of gas and dust were ignited; and in the other 6 cases kezs of black blasting 
powcer stored in the workings were ignited and helped to propagate dust ex- 
plosions. Coal-dust stexming helped to ignite the dust cloud in nuwnerous 
instances despite admonitions of the essistant inspectors, repeated year 
after year, to use clay or otner incombustible material. The greatest hazard 
lies in the practice of shooting from the solid with little or no supervision. 
Had it not been for the introduction in certain mines of regulations requir- 
ing shooting to be done by shot-firers after the men on the regular shift 
were out of the mine the loss of life undoubtedly would have been mich 
greater. Lack of adequate ventilation, which allowed dust, gas, and snoke to 
hang in clouds, was a contributing factor in numerous instances. The domi- 
nant cause was the use of black blasting powder, first in xeg form and more 
lately in the pellet or stick form. ‘Two disastrous dust explosions occurred 
in mines in which the coal was cut by machine and in which some shooting 
from the solid was also allowed; and in 40 of the 42 exnlosions caused by 
blasting, solid shooting was in effect. = 


Open lights.- Twenty-neven (37 percent of the 735 explosions listed in 
table 1) were caused by open lights, including all tyves of open flames. 
Except in 2 cases, open-flane miners! lamps were the source of the ignitions; 
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ignition in one mine was charged to the boiler fires or other open flame on 
the surface and in the other to smoking at the face. 


Fron 1884 to 1217, inclusive, & (£2 percent) of the 36 explosions listed 
were caused by open lizhts or flames. In tne next 10 years, from 1918 to 1927, 
inclusive, 14 (50 »ercent) of the explcsions fell in this class. From 1928 
to June 30, 1985, 30 percent of the explosiois were initiated by open flames. 


TAELE 6. — Sumaary of conditions attendinz exnlosions caused 
by open lignts in Kentucly 


—— rer et + one ee a mee ce ee oe et | ere OE EE QEREED-2e-ee UCase TE ee som ome + ae 


Explosions 


bales Sk LS Sten oer ag ae Nee he Ses 


Carrying open light into unventilated, uninspected, working 


place eS Ce Oe a Oee eeonvneaeveeene eeerenevoveeennvnebeovnerbevvneevneeeev21de e @ 14 


Carrying open licht into maried-out place ...... 
Beusrins out cas in presence of open light ........ 
Use of enen light while inspecting for gas ..... 
Sisiciie at unventilated face ........60. ee ee ere ee a : 


Outburst_ of_ gas reached open flame at surface .....cseese 


The use of open lights in mines which in the majority of cases were lmown 
to liberate gas was also concomitant with other notable lapses from safe prac- 
tices in all but the last instance. These unsafe practices frequently vio- 
lated warnings and instructions issued by the State inspectors. Neglect or 
refusal to conform with recognized standards is evidence of lack of super- 
 wision or of inefficient supervision. 


Electric arcs.- The 2 explosions attributed to electric arcs occurred in 
the same year, 1927. In one explosion power nad been cut off the mine, and 
the fan had been idle overnight. Arcing from a »vlower-fan motor inside the 
mine ignited accumlated gas when the main switch was put in the next morning. 
The second explosion occurred when gas liberated by blasting passed over an 
open~type mining maciiine operating on the return airway. Proper inspection 
for gas was not mace in either case. . 


TYPES OF EXPLOSIONS 
The classification of mines as gessy or nonzassy as given below and in 
table 1 is besed on the evidence as to actual presence of gas in appreciable 


asnounts before the explosion. The Kentucky mining law provides for the 
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grouping of mines under these headings, and mines are 80 classified by the 
State Department, but since the division involves © vague retirg as "dusty" 
end does not conform to YJ. S. Bureau of liines recommended standards, the 
classification as cxpressed in Mine Sefety Board Decision 3 has been followed 
in rating the mine as gassy or nongassy in the following tabulations 


Known condition of mine 


NONZASSY secssece 
Gassy .......6-. Be erates ee: 
Explosions ........... 
Fatalities ......6.26. 


The 73 explosions. listed in table 1 are aaa ned in the above tabula- 
tion to show tne number cf gs, dust, cr gas-and=-dust explosiona in nongassy 
and gassy mines’ and the. iumber cf fatalities resulting from explosions in 
each type of mine. Several ignitions cccurredin mines not previously known 
to give off. explosive gas; in fact, moat of those in early years listed in 
table 2 were in this class. Several exmlosions were initiated by gas in 
mines which were -aot.rated as gessy by the operators or the State. The U. S. 
Bureau of Mines consicers all coal minés yotentiall,: gassy; nevertheless, it 
Must be recognizea that.nymerous mines in Kentuclky are cepeniar nongassy, 
particularly those in the high ridge districts. 

ate ve = “Fatalities. and number of. r_of men possibly involved 
« in FZentuel exploeLous 


Gas 


Mine — besehee eee in} 
rating | sions _Ilcases ities | area losses the 
_ Nongassy| Local. 1 4 10 ee 
Do. Violent.|f/ - | - = ft el 
Gassy Local. 19 24 11,587 4 | 
Do. Violent. 3 13 13. Me 


mee © = cwetentdial 2 <empemmemesae: 
oe . ? 
' . 


The ahige tabie incientos: ‘the ‘large number of fatalities due to gas—and- 
dust explosions in gassy mines and the smaller number of fatalities Gue to 
dust explosions in which gis wes not involved. Explosions of gas and dust 
were in numerous cases initiated by ignition of gas accumulations during the 
working shirt when full crews were in the mines; for this reason the loss of 
life was heavy when the explogions were prepagated by dust throughout a con- 
siderable part of the workings. Dust explosions tiat were more or less vio- 
lent, and the majority were of this nature, occurred more often when only 
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shot firers or a few other employees were in the nine; in these cases few 
escaped. Fad it not deca for peed et ‘ons, imposed in certain mines, prohibit- 
ing shocting off tne solid during the woriting shift, the loss of life would 
probably heave teen 500 sr 1,000 instead of 126 in these few cases. However, 
it is unthinxable tiiat such disrevzard of Imuan life would heave been counte- 
nanced. Tre explosicns involving gas alone were nearly all localized, since 
where any amount of violence was caveloped dust was iczmited, bringing the 
occurrence under the gas end dust division. 


PLSVSNTION OF EXPLOSICNS IN KENTUCKY COAL NINES 


It is now fairly well-estaplisted tnet all mine explosions are prevent- 
able. Tne necessary imowledse of the causation of mine explosions and means 
of absolute prevention to insure protection from them have been available 
for at least 15 years. - Recommendations were made in reports on the various 
explosions by the State Departinent of Liines and by the United States Bureau 
of Mines representatives to prevent recurrence of similar explosions; these 
recommendations reoresernted the best accented safety practices at ths time 
they were made. The number of times such recomuendations were given is shown 
in table 8. 


Table 3. ~ Becormendations for preventing Kentuclsy explosions 
made at the time of the explosions 


Sate ae eee CPE ee Qe, eee 6 SE eee teen eee ee ee © ee eee + 


oe 8 


2ecommendations 


Cuttinz or mininz of coal instead of solid shooting ......e6- 
Adoption of a proper system of ventilation or improvenent of 


WONG1 18 C100. wa eceeoa vise wi aio ela ek Mae eee BAS Wie ie Meee se eee ee 2O 
Use of safer blasting practices (abanconment of the use of 

overcharzed or straigiut holés, cocl-dust stemaing, etc.) o- 24 
Control of dust (watering, dust renoval, rock-dusting, water 

OM Cutter DAL). -Bawisddccesw hoo Syke e eas ose ea ew beeen 22 
Installation of permissible (closed) lights .......ccecccevers 22 
Provision of effective inspecticn cecerecrecssenvecersceveeces 18 
Adoption of permissible explosives and blasting methods .....+ 18 
Provision of adequate SUDCTVISION ereceereccerecrrscnccerecsce 11 
Adoption of safer methods of storing and handling black 

DlastinZ Powder con cccccerecccrvvvvesssessens re Oe 2 
Ventilation cf mine or parts of it before entering .....ceeve 2 
Sealing cf unventilated areas ...-cccccccrcrevcervsevsccssosee lL 
Prohibition of suaosins cecceccseccercvecsevesceresessessevers 1 
Use of permissible electric equinment only o....crcerecereees 1 
Provision of borelicles to release gos from sealed or confined ‘ 


wo rkings Coe reser erseererereresenesecesensesseorerseresered® 
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Minea coal v. solid shooting.- The following tabulation shows the slow 
progress ess from solid shooting to machine mining in many of the mines; little 


real pick mining wes Cone at any time, and considerable solid shooting is 
practiced at present. 


TABLE 9. - Proportion of machine-nined coal to total 


production in Kentucky, percent 


Year West district | Southeast district Northeast district State 
1909 80 | 27 er, 58 
1910 74 | 36 66 62 
1911 79 | 32 74 63 
1920 -— | | - | oe | = 78 
1924 = . age. We | 87 
1928 = | ae | | - 92 
1931 _ | aan - - 91 


The recommendation to cut the coal was made in 38 of the 73 reports 
prepared in connection with explosions. in ae coal mines. 


Explosions due primarily to solid shooting were numerous and of more 
or less regular occurrence until about 1923; several have occurred since 
that date--2 in 1923, 1 in 1924, 2 in 1925, 1 in 1926, 1-in 1929, and 1 in 
1932. All ee were in iaines. in which the coal. was sedan  cchibe to be 


8 a ee og el 


se rr a 


Vet(iation. sot 1864, when the first State mine inspector assumed 
office, most of the mines depended on natural ventilation or on small fire 
baskets to produce Limited circulation. -For years he urged better means 
of ventilation. Furneces were next installed, and they were numerous as 
late as 1912. <A fan installation was destribed in 1691, and from that time 
on fans were advocated to replace furnaces. The virtually nongassy condi- 
tion of many mines with outcrops on high ridges and numerous openings to the 
surface has had the effect cf ninimizing He sa as a of ventilation and 
inspection over much of the State. ‘ ae 


The reconmendation to improve ventilation was made in 25 instances in 
the reports prepared after explosions; many of eee cases in which 
very finely “Givided dust, to collect to such an extent after heavy blasting 
that ignition from a "windy" or blown-out shot ocourred. Several such 
- ignitions are also recorded in table 2, giving data on some explosions in 
which no fatalities occurred; the recommendation to improve ventilation was 
made in nearly every instance where gas was involved, and in some in which 
dust was the active factor. 
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An adequately controlled ventilating system previding for a sufficient 
quantit,; of fresh air to de contucted to end to renier harmless all vases 
at every workings face is of prinary inmortance in every mire from an exnlo- 
sion and health stanudnoint. 


Safer blastin;.- Safer bl:.sating includes recomendations dealing with 
proper drilling end placing of noles, limiting tie amouat of black blasting 
powder put in an tole and the number of holes shot at a tine, using clay 
stemming in place 92 coal or other combustible dust, and shooting at pre- 
scribed times. Une of several of tiese hazards contributed to an explosion 
in 24 instances. Ti:cse occurred in the periad nefore permissible exnlosives 
wera generally .nown snd available; after that time equivalent recomnenda- 
tions are grouped under "permissible blastin:". 


Permissitle explosives and blasting.- Tne recommendation for use of 
permissible explosives and recognizec safe tlastinz methods was made in 18 
instances; in ell probatility at least 18 exnlosions in Nentucky woulda have 
been avoided through the use cf available safe, effective tynes of exvlo- 
Sives. The followin; tabulation shows the relative percentages of the three 
Chief types of explosives used in the coal mines of Kentucky at various 
periods: 


TABLE 10. - Explosives used in Kentucky coal mines 


Black blasting porder | Dynamite __| Permissible explosives 


Nearly all. = Some in northeast field 
and small amount in 
western field. . 


8g ? 1? 
82 Ll 17 
S2 2 16 
7 1 Lo 
68 re) - 29 


A ERE Re ERRNO Olmert Sa URE E RIA, + ne TE — 


In this tebulation all black blasting powder, whether in granular, 
pellet, or stict: form, is grouped tozether. Until recent years nearly all 
black blasting povder was in granular form but has been largely replaced by 
pellet and stici: varieties. Froi an exnlosion stendnoint the risks are 
essentially the same. Dynamite is used virtua.ly entirely in shooting top 
rock; in this it constitutes a grave hazard and its use is entirely unneces~ 
sary, as tynes of permiscible explosives are available which do this work 
effectively and safely. 


At the bevinnuing of 1933 the State Mining Department renewed its efforts 
to induce operntors to use permissible explosives, with a gratifying response 
from several progressive companies; by 211 means tne use should be universal 
in Kentucky coal nines. 
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Dynamite has been charged with initiating only one explosion, in which 
an open charge was exploded on a large piece of rocix. The hazards of black 
blasting powder and dynamite are generally well=imown: and, altnough the 
effectiveness and safety of permissible explosives are established and can 
be demonstrated, nonnermissible explosives are widely and persistently used, 
chiefly on account of an inherent reluctance to change from established 
practices. | 


Dust control.- In 1932 there were 18 explosions in bituminous mines in 
the United States. In.four of these mines rock—dust localized the explosion 
and saved. 100 to 300 lives. In two other partly protected mines the explo- 
sion spread to untreated workings and claimed the lives of 15 or 20 men 
therein. | 


Over the period of 49-1/2 years, January 1, 1854 to June 30, 1933, in 
73 Kentucky explosions dust control was advised as a major preventive measure 
ec times, indicating that in at least that number tue initial explosion very 
probably was propagated by dust, with resulting destruction and loss of life. 
In almost every other instance tiie explosion might have been propagated by 
coal dust so that some means of protection against this hazard should have 
been provided. The reasons for nonpropagation of flame were chiefly weaimess 
of tne starting force and rapid release of pressure into nearby openings al- 
thougn dampness and incombustible material naturally present in the dust 
aided in at least eight instances. ~ 


Rock-dust stopped exnlosions in two mines. One explcsion was confined 
to a non~rock-dusted entry, in which 17 men were killed; a total of 180 men 
were employed underground, and it is believed that many if not all of 103 
lives were saved in this mine through the effectiveness of rock-dust. Another 
explosion in the same district was arrested by rocicdust; 15 men were killed, 
and 30 men escaped, undoubtedly due to the efficacy of tne rock-dust. Coal- 
dust explosibility control through application of rock-dust was responsible 
in these two instances for saving possibly 193 lives. Natural rocidusting— 
that is, dust high in incombustible material--was credited with stopping 
another explosion in which 3 lives were lost and 6 men escaped. 


Rock-dust, to be effective, must be so maintained tnat the incombustible 
content of the dust exceeds the minimum necessary to prevent propagation of 
an explosion. The fine dust of the No. 9 cr Keokee bed requires at least 75 
percent incombustible matter to make it nonexplosive. Failure to extend and 
maintain rock-dusting over a period of approximately one year resulted ina 
relatively large number of fatalities in an explosion in one Kentucky mine; 
an explosion resulted in the loss of 23 lives in a mine in which 37 men were 
underground, and although the main entry had been rock-dusted about a year 
before the explosion the active workings had not been rock-dusted, and the 
explosion extended throughout the active workings. 


In 1895 Chief Mine Inspector C. J. Norwood included in his annual report 
a review and explanation of studies that proved the explasive properties of 
coal dust. For years the only imown methods of reducing this hazard were re- 
moval of large accwmlations of dust and sprinkling, combined with shooting 
after the shift was out of the mine. 
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‘The yse of rock-dust was activel; advised in tle Stcte by enzineers of 
the United Stetes Bureau of Mines about 1920, and certain companies in the 
western field experimented and adopted its use at that time. Experience has 
shown the. need ox such protection in all varts of the State, and recently 
marked interest has been taken in the cxplosion-prevention method. Several 
mines have been rocic-dusted, end operators of other mines are giving the 
matter serious consideration. 


Permissible (closed) lizhts.~- Twenty-two mine sssiearens in Kentucky 
were caused by tue use of open-flame miners! lights in gassy mines after 
practical electric cap lamps bad been in use in some States for several years 
and their use generally advocated in all coal mines and especially in gasay 
mines. Fifteen ignitions listed in table 2 were caused by onen lights in 
&assy mines.. In the years before practical electric cep lamps were developed 
the use of any one of several luakes of flame safety lamps instead of open 
flame lights when unventilated and uninspected wortrings were entered would 
have prevented . several Cisastrous explosions causing nonfatal injuries. 


Approximately 157 electric cap laaps were in use in the State of Ken- 
tucky in 1918 and about 1,966 in 1928. The number in use in July, 1933, is 
reliably estinated to be about 5,300. In 1928 there were about 53,600 men 
in the mines, and tnoere are about 40,000 in 1933. 


Present-dey electric cap lamms of approved types are more economical, 
more efficient, and more safe than open-flame miners! lamps; the Bureau of 
Mines reco.aznends tie exclusive use of closed lights in all coal mines, as 
experience has demonstrated not only in Kentucky but also in virtually every 
other coal~procucing State in the Union that open-flame lights are hazardous. 


Inspection.- Highteen of the 73 exnlosions were charged to failure, 
through lack or neglect of inspection, to find and remove gas accumulations 
before men were permitted to enter, or in other instances to test for gas 
Der One snootins or puberne pover on onen-type equipment. 


Not only should fireboss inspections be made for gas ena close atten- 
tion be given to the ventilating system to prevent gas from accumulating, 
but an insvector sl:culd also regularly survey dust-control methods, such as 
watering, cleaninz dust from roadways, and rock-dusting; should keep a 
close check on electrical equipment to see that arcing and sparking are 
reduced to a mini:mm, ervecially at or near working faces; and should:see 
that all open~flame lemps and smoking are barred from all coal mines whether 
gassy or nongassy. 


Supervision. ~ Direct responsibility for explosions was charged to lack 
of adequate supervision in 11 reports on these disasters. In a majority of 
all the cases inadecuate supervision was held to be a factor, and recommenda- 
tions were mace that this function be more effectively exercised in connec~ 
tion with various phases of operation. 
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In 1914 a new mining law in Kentucky provided that the mine foreman 
should devote the wuiole of his time to this duties, defined them, including 
the noting of all can,ers and the taking of proper precautions prozntly, and 
mace Nim responsible. The resnonsibility of those in charge for the acts 
of employees cannot be evaded, hence ‘sunervision should be intelligent, 
risid, and continuous. | a 


Miscellaneous recommendations.~ Six other reco:mendations were made as 
corollaries to the preceding main recomieniations: these included blasting, 
ventilation, sealing of abandoned or unventilated areas, smoiing, use of 
permissible electrical oquipment, and provision of boreioles to release gas 
in sealed workings. | _ 


TABLE 11. = Nuaver ef explosions and Satalities froin them 


in Keatucky mines, Jamary 1, 1884 - June 30, 1933 

Yearg Fatalities Averaze fatalities per explosion 
1884~18902/ La, o 3.0 
1891-1900 ee ae oy 7 1.75 
1901-1910 20 + eo 7 4.15 
1911-1920 16 B40 5.25 
1921~1930 aco... | 135 | 4,82 
193l~June 30, 198G2/| -“% | 29 & 9.67 

Total  - | 73 . |. B44 | _ 3.54 


1/ 7 years only. 


2/ 2-1/2 years only. 


The explosions and fatalities from explosions have been arranged by 
periods (and chiefly by decades) from January 1, 1884, to June 30, 1933. It 
may be noted that’ tne number of explosions and fatalities increased with the 
development of the industry in the State to about 1930. Table 1 shows that 
although there had been two or more fatal explosions in Kentucky coal mines 
annually for many years up to 1928, there has been but one annually from 
1929 to 1933, inclusive. The severity is apnarently on the increase, 
although the 2-1/2-year period, January 1, 19351 to June 30, 1935, is too 
short to use in making generalized comparisons. 


RECOMMENDATIONS 


; ‘The United States Bureau of Mines, through its Mine Safety Board, issues 
"decisions" on safety methods and practices. Such decisions as relate to 
explosion~prevention methods are as follows: 


Decision l.~ The Bureau of Mines recommends: 


1. In all coal mines the portable lamps for illuminatim be permissible, 
portable, electric mine lamps; and also 


Google 


I.C. 6754 


2. In places where fire damp or black dam~ is liable to be encountered, 
& permissible magnetically-locked, flene safet: lemp for was detection, or 
equivalent pert eeae re device, be supplied to at least one experienced 
employee in each such place; and 

3.. Any exolovee before being swonlied witil a Ken ites ible flame safety 
lamp be exaiuined by a competent official. of the mine to assure the man's 
ability to detect gas; and 

4. <All coal isines whether classed as nongassy or gassy in any part, 
be suppliec with magnetically locked, permissible, flame safety lamps, 
oroperly maintained and in sufficient number for all inspection purposes. 


Decision 2.~ In the interests of safety the Buresu of Mines recommends 
that for blasting in coal mines, permissible explosives, fired electrical- 
ly, be exclusively used; and that as an aid to blasting, all coal which 
is feasible to ease should be cut ar sheared. 


Decision 4.- In the itenass of safety, the BSireau of Mines, Department 
of 6 Commerce, recommends that auxiliary fans or Dlowers should not be used 
in coal mines as a substitute for methods of regular and continuous 
coursing | of the air ta every face of the mine: |. 


Decision &.- To eee the propagation of mine ‘explosion, the Bureau 
of Mines, Derartment of Comnerce, recommends rock=dusting all coal mines, 
except anthracite mines, in every part, whether in damn or dry condition. 
It also recozmends that roclk-dust barriers be used to sectionalize the 
mine as ad4itioual defense; but these shovld not be regarded as a sub- 
stitute for generalized rock-dusting. 


Decision 6.- In the interest of safety, the Bureau of Mines, Department 


cf Commerce, recommends that in coal mines all entries, rooms, panels, 
or sections that cannot be kept well ventilated throughout or cannot be 
inspected regularly and thoroughly, or that are not being used for 
coursing the air, travel, haulage, or the extraction of coal, be sealed 
by strong fireproof stopnings. 


‘Decision 7.- In the interest of safety, the Bureau of Mines, Depart- 
ment of Chmmerce, recoimnends: 


le That the main intake and main return air currents in mines be in 
separate suafts, slepes, or drifts. 


2. That the main intake shaft lining be of fireproof construction, 
and there be a minimua amount of inflammable material in or adjacent to 
the shaft. | 


Decision 9.- The Bureau of Mines, Department of Commerce, recommends 
in coal-mine ventilation practice the following specifications as to 
unit quantity ead quality of air: 
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1. The quantity in cubic feet of nure intake air flowing per mimute 
in any ventilating split shell be at least equal to 109 times the 
number of men in that svlit. : 


2. The quantity of air entering each unsealed place shall be at 
least 200 cubic feet per minute and as much more as may be necessary 
to properly dilute and carry away inflammable or harmful gases which 
may be present. 


3. The air siiall be made to circulate continuously to the face in 
every unsealed place into whicn an appreciable amount of methane enters. 


4. The air in any unsealed place shall be considered unfit for men 
if it shall be found to contain less than 19 percent oxygen. (dry basis), 
more than 1 percent carbon dioxide, or a harmful amount cf poisonous gas. 


5. If the air in any unsealed place, when sampled or tested in any 
part of that place not nearer than 4 feet from the face and 10 inches 
from the roof, shall be found to contains | ; 


(a) More than 1-1/2 percent of inflammable gas, the place 
shall be considered to be in hazardous condition and re- 
quire improved ventilation, and 


(bd) If more than 2-1/2 percent of inflammable gas is found, 
the place shall be considered dangerous, and only men who 
have been officially designated to improve the ventilation 
and are properly protected shall remain in cr enter said 
place. 


6. If the air in the split which ventilates any group of workings 
contains more than 1-1/2 percent of inflamaable gas, tiiese workings 
shall be considered to be in a dangerous condition and only men who 
have been officially designated to improve the ventilation ana are 
properly protected snall remain in or enter said workings. 


Decision 11.~ In the interest of safety, the Bureau of fines, Depart- 
ment of Commerce, recommends that in coal mines, haulage and (or) hoist- 
ing be kept in intake air as far as possible. 


Decision 12.~ Tie Bureau of Mines, Department of Commerce, extending 
Mine Safety Decision No. 2, recommends that for blasting either coal or 
rock in coal mines, permissible explosives or equivalent permissible 
device be used exclusively, and in addition recommends that in blasting 

1. Each charge shall be in a hole properly drilled and stemmed with 
incombustible material. — 
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2. Hach snot shall be fired separately by a permissible single-shot 
blasting unit, using an electric detonator or igniting equivalent of a 
kind specified by the burcau for the particular permissible explosive 
or permissible blasting device. 4 


3. Before and followinz each shot'in gassy and slightly gassy coal 
mines, examination for gas shall be made with a permissible flame 
safety lamp or permissible equivalent and i 


4, If more than 1-1/2 percent of inflammable gas is found, in the 
quantity and by the method specified in Mine Safety Decision 9, 
the place shall be consiccred to be ina hazardous condition and before 
another shot is fired: the gas sanll be reduced by ventilation below the 
percentage and quantity specified in'Decision 9... | se 

5. Bach shot employing explosives shall be prepared and fired by or 
under the imaediate supervision of a man having a-state certificate as. 
& mine examiner, fire boss, or foreman; and whenever conditions permit 
all other men than those authorized to prepared and fire shots shali be 
out of the mine when' shot firing with explosives is. being done. > 4 

Decision 15.~ The Bureau of Mines, Department of Commerce, recommends 
that when electricity is used in coal mines rated as gassy, or whenever 
in’ any mine tne atmosphere may becowe gassy: © an ; 

1. Electrical eqvipmert shall be permissible. 


Qe Nonpermicsible electrical equipment shall be used only in pure 
intake air. ss : ' . 


3. “Blectrical pover shall be cut off whenever the air in the workings 
is in a dangerous condition, due to inflammable gas. 

Decision 15.- In the interest of safety in coal mining, the Bureau of 
Mines, Department of Commerce, recommends that, to lessen the coal~dust 
explosion hazard: Aes | 

1. Machine coal cuttings be wet as the cutting is being done. . 


2. The coal face, and the working place 40 feet therefrom, shall be 
kept free of coal~dust by the use of water. 


S» The top of loaded cars in the working place shall be wet. 


Decision 16.~ In the interest of safety in coal mining, the Bureau of 
Mines, Department of Comaerce, recommends that; | | 


1. Machirle cuttings be ‘removed from the cut. 
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Qpen~flame lamps nave caused S37 percent of Kentucky coal—nine exnlo- 
Siors, and realization of the hazards of this type of lamp by the :nine 
owners is indicated by the fect that 2.3 times as many permissible electric 
Cap lamps were in use early in 1933 as in 1928. Unquestionadly open lights 
should be superseded in Kentucky coal mines by the far safer and more 
efficient closed lights now readily available. 


Tre 73 explosions in Kentucky mines listed in table 1 represent a total 
daily average production of 41,195 tons of coal. The total average under~- 
& round employment represented is 7,988, and of this number 3,127 men were 
reported to have been in the mine at the time cf the explosions. The total 
number killed was 344 or approxinately 11 percent of the men exposed to the 
explosions; 125, or about 4 percent of those .mderground, were injured. 

In other words, nezrly 15 percent of the men underground were affected by 
the explosions. Ti.e number (159) that escaped from the mine or the area 
affected by tne explosion represents sligutly more than 5 percent of the 
total number underground. The relatively high mortality rate (55 percent) 
of the 626 persons in tne affected area, consisting of 644 killed, 123 
injured, and only 159 uninjured, emphasizes the necessity for adopting 
dust~control methods. Only about 25 percent of trose in the explosion areas 
escaped: if 211 mines listed in table 1 had been adeauately rock-dusted the 
number of fatalities in all probability would have been very remarkably 
reduced. 


During the past & years an earnest effort has been made to eliminate 
coal-mine explosions in Kentucky. If the recommendations of the State 
Department of Mines and the United Stetes Bureau of Mines are adopted 
generally, especielly those for substituting permissible explosives and 
blasting supplies for nonpermissible explosives and fuse, permissible lanps 

or open-flame lamps, and improved methods of ventilation, the groundwor'c 
already laid undoubtedly will form a permanent foundation for preventing 
coal-mine explosions, with their attendant pnnecessary loss of both property’ 
and haman life. 
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